Single-photon frequency conversion for quantum interface plays an important role in quantum communications and networks, which is crucial for the realization of quantum memory, faithful entanglement swapping and quantum teleportation. In this talk, I will present our recent experiments about single-photon frequency conversion based on quadratic nonlinear processes. Firstly, we demonstrated spectrum compression of broadband single photons at the telecom wavelength to the near-visible window. A positively chirped single-photon-level laser pulse and a negatively chirped classical one are converted to a narrowband single-photon pulse, with a spectrum compression factor of 58, through sum-frequency generation (SFG), marking a critical step towards coherent photonic interface. Secondly, we demonstrated the nonlinear interaction between two chirped broadband single-photon-level coherent states. A high SFG efficiency of 1.06 × 10 −7 is realized, which may be utilized to achieve heralding entanglement at a distance. Finally, we theoretically introduced and experimentally demonstrated single-photon frequency conversion in the telecom band, enabling switching of single photons between dense wavelength-division multiplexing channels. Using cascaded quasi-phase matched sum/difference frequency generation, the signal photon of a photon pair from spontaneous down-conversion is precisely shifted to identically match its counterpart, i.e. idler photon, in frequency to manifest a clear non-classical dip in the Hong-Ou-Mandel interference. Moreover, quantum entanglement between the photon pair is maintained after the frequency conversion. Our researches have realized three significant quantum interfaces via single-photon frequency conversion, which hold great promise for the development of quantum communications and networks.
INTRODUCTION
In recent years, quantum optics has developed rapidly, such as quantum communication 1 , quantum computation 2 , quantum memory 3 , quantum network 4 and so on. In order to realize these quantum applications, quantum interface is a significant device. In our work, we utilize periodically poled lithium niobate (PPLN) waveguide to realize several kinds of different functions of single-photon frequency conversion for quantum interface. First, we have realized the quantum interface suitable for quantum communication and quantum memory. We exploit a sum frequency generation (SFG) process with a negatively chirped classical laser pulse and a positively chirped single photons laser pulse, which the bandwidth of the positively chirped single photons laser pulse is compressed in a PPLN waveguide chip-from 800 GHz to 13.7 GHz-which is approaching the bandwidth regime of some quantum memories. In the same time, the 1550-nm telecom-band photons are flexibly converted into the near infrared window. Second, we experimentally demonstrate the SFG between two broadband single-photon level coherent states by using a high-efficiency PPLN waveguide. The SFG efficiency of is realized, which is useful for quantum swapping and potential for photon-photon interaction with then one of the two replicas of laser pulse is sent to a broadband fiber Bragg grating 1 (FBG1), and at the same time, the other laser pulse is coupled into the FBG2. The parameters of FBG1 and FBG2 are the exactly same (1547 nm centre wavelength, 39 nm FWHM bandwidth, and 5 nm/cm chirp rate). As ones know, FBG can be used for up-chirping and down-chirping, depending on the choice of the side from which the laser pulse is reflected. Thus, the two different chirp laser pulses after FBG1 and FBG2 are the same but with the opposite sign. It implies that the positively and negatively chirped pulses have equal and opposite chirp, A ± . A positively chirped laser pulse is generated through FBG2 to introduce a linear chirp by group velocity dispersion, and the positively chirped single photons laser pulse is realized using attenuator 2 (ATT2) in our scheme. The other laser pulse is negatively chirped pulse after a broadband FBG1. We first measure the spectrum of the positively chirped laser pulse by using an optical-fiber-coupled spectrometer and find a width 800 20 ± GHz FWHM centered around 1551.54 nm. As shown in Fig. 2 (a) , we observe significant bandwidth compression of the positively chirped laser pulse. The measured bandwidth of the created laser pulse is GHz. Therefore, a spectral compression ratio of 58:1 is realized in the positively chirped laser pulse frequency bandwidth ( Fig. 2 (b) ). In terms of single-photon level frequency compression, the measured results show that second harmonic generation (SHG) photons are lower than the SFG photons when the energy of negatively chirped light is less than 4.8 nJ. As shown in Fig. 3  (a) , when the negatively chirped photons (10 photons per pulse) and positively chirped single photons laser pulse (0.933 photons per pulse) are simultaneously sent to the waveguide, the maximum SFG efficiency of is realized, where the relative time delay 0 t Δ = . As shown in Fig. 3 (b) , by adjusting the ATT1 and ATT2, we control the input energy of positively and negatively chirped light is 203.1μJ and 202.8μJ, respectively. In the case, the maximum SFG efficiency of 20% is obtained, where the total losses have been taken into account and the rate of generated photons by SFG is 73 times of the rate of photons generated by the SHG of these two independent sources. Fig. 3 . SFG photons and SFG efficiencies (a), SFG efficiencies and the energy of produced harmonics (b). The SFG efficiencies, SFG photons, the energy of produced harmonics, and error bars of them are accounted and the abscissa is a variable optical relative delay between the negatively and positively chirped laser pulses at the PPLN waveguide chip. The dark counts (3.5 Hz) are subtracted.
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, the SFG efficiency is high enough to provide efficient, yet simpler solutions to linear optics based protocols for the heralded creation of maximally entangled pairs or for the implementation of DI-QKD. Note that our SFG efficiency is about 8 times of the SFG efficiency obtained in Refs. [9] .
Single-photon frequency conversion via cascaded quadratic nonlinear processes
Quantum networks rely on many nodes for quantum information memory/processing and optical channels connecting them. Many systems operate at different optical frequencies, thus single photons have to be converted to the telecommunication band before transfer in fiber for long distance quantum communication. Moreover, dense wavelength-division multiplexing (DWDM) channels in fiber have been exploited in quantum communication to reduce the cost and increase communication efficiency. Optical cross-connect switching for single photons will become significantly important in the future. We report single-photon frequency conversion in a wide telecommunication band based on cascaded quadratic nonlinearity, i.e. SFG and DFG, in a PPLN waveguide. The quantum physics of this process can be described by the following effective Hamiltonian . ,
where ˆi a is the annihilation operator for the wave at frequency i ω , (with i = s; m; t representing signal, mediate, and target photons, respectively). 1,2 χ are coupling constants that are proportional to the second-order susceptibility 
where 1 ϕ 1 and 2 ϕ are the phases of the two pumps, respectively. 1 η and 2 η are defined as the normalized power efficiencies and / 2
The experiment setup of the frequency convertor is shown in Fig. 6(a) . The wavelengths of the two pump lasers P1 and P2 are 1547.72 nm (CH37) and 1544.53 nm (CH41), respectively. Both of them are narrow linewidth cw lasers amplified by erbium doped fiber amplifiers (EDFA). A set of DWDM filters are used to suppress noise photons by 150 dB. e photon pairs wn in Fig. 6 
